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A simple model for chaotic inflation in supergravity is proposed. The model is M = 1 
supersymmetric massive U(l) gauge theory via the Stuckelberg superfield and gives rise to 
D-term inflation with a quadratic term of inflaton in the potential. The Fayet-Iliopoulos 
field plays a role of the inflaton. 
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Cosmological inflation is a very attractive idea to solve the horizon problem and the 
flatness problem in the early universe |1], and it also explains the density fluctuations in 
the cosmic microwave background. Thus, it would be interesting to incorporate the idea 
into viable models of high energy physics. Since supersymmetry is one of the solutions to 
the hierarchy problem between the electoweak scale and the Planck scale, it is natural to 
consider the inflation scenario in supergravity. 

Among many inflation scenarios, chaotic inflation doesn't suffer from the initial con- 
dition problems and gives rise to a large tensor-to-scalar ratio, which would be observed 
by the Planck satellite observation. However, it doesn't seem an easy task to find chaotic 
inflation models in supergravity ||. This is because the F-term potential in supergravity 
have the exponential factor of the Kahler potential in general to prevent inflaton fields 
from getting the large fluctuation required by chaotic inflation. One thus is led to make 
use of the D-term potential to give rise to chaotic inflation. 

In fact, the paper H is the first to give a chaotic inflation model by using the D-term 
potential, where it was shown that the quartic term of an inflaton field could be obtained 
from the D-term potential. Therefore, it would be interesting to obtain the quadratic term 
of inflaton fields from the D-term potential. Since in general, the D-term potential provides 
the quartic term of charged fields transforming linearly under the gauge group, it seems 
difficult to obtain the quadratic term of an inflaton field. However, the Fayet-Iliopoulos 
parameter of a U(l) gauge group enters the D-term potential quadratically. Thus, if one 
can replace the Fayet-Iliopoulos parameter by a dynamical field, one can expect that the 
field could play a role of an inflaton field. In this paper, it will be shown that this is indeed 
the case. 

Let us consider M = 1 supersymmetric massive U(l) gauge theory with the Stuckel- 
burg superfield S given in terms of component fields by 

S=^=( p + l C) + V26ij + e 2 F 1 (1) 

where p and ( are real scalar fields and play roles as the Stuckelburg field and the Fayet- 
Iliopoulos field, respectively, as will be seen. The U(l) gauge vector multiplet is given in 
the Wess-Zumino gauge by 

v = -idoHv^ - ie 2 e\ + ie 2 e\ + -o 2 e 2 D. (2) 
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The Lagrangian density L is given by 

L=-~Jd 2 6d 2 e(S-S + iV2M p V^+Re J d 2 9^W a W ce , (3) 
where M p is a mass scale and the gaugino superfield W a is given by 

W a = ~D 2 D a V. (4) 
The action is invariant under the U(l) gauge transformation 

V -»• V + i (A - A) , S + v^MpA, S + V2M p A. (5) 

Note here that the non-linear transformation of the chiral superfield S prohibits it from 
appearing in the gauge kinetic function. Rescaling the vector superfield V to obtain the 
canonical kinetic term for it, in component fields one finds the Lagrangian density 

(6) 

D 2 . 

2 



+ MQD - MxjjX - MifjX + \F\ 2 + -D 2 , 



where M is defined as M = eM p . It is obvious from ([)]) that the field p plays a role of 
the Stuckelburg field and gives mass to the gauge field u M . The field ( plays a role of 
the Fayet-Iliopoulos parameter, but here it is a real scalar field. Changing the variable 
MA^ = — d^,p and solving the equation of motions of the auxiliary fields D and F, 
one obtains the Lagrangian density 



l - (d^Cf - \m 2 C 2 - ±F% - \M 2 Al - ijiPdrf - tA^A - MifjX - M'ipX. (7) 



This is the Lagrangian density of a free massive U(l) vector multiplet. The Fayet-Iliopoulos 
field C plays a role of inflaton. Therefore, one expects that the mass M of the inflaton field 
C is of order 10 13 ~ 10 14 GeV. Thus, if the mass scale M p is set to the reduced Planck 
scale ~ 10 18 GeV, the U(l) gauge coupling may be of order 10 -4 ~ 10~ 5 to give rise to 
the observed density fluctuations. However, one can see that the reheating doesn't occur 
without any modification in the model. Since the model is very simple, we hope that a 
simple modification of it could lead to a full-fledged inflation model. 
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